
j, STRUCTURE AND METHOD FOR DUAL GATE OXIDE THICKNESSES 
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5 and, more particularly, to structures and methods involving dual gate oxide 
thicknesses on a single substrate. 

ftnfkgrftiin^ "f invpntion 

A high-performance logic circuit with embedded memory devices needs two 
1 0 thicknesses of gate oxide: a thin gate oxide for the logic transistors, or logic 

MOSFETs, and the other a thick gate oxide for the memory device transistors and/or 
the hi eh voltaee transistors/MOSFETs. These gate oxide films are usually 

— ( - } -- ^ 
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(DRAM) and logic 
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1 5 technologies have evolved along separate but parallel paths. For any particular 
lithography and power supply voltage level generation, the gate oxide thickness for 
the DRAM is limited by thin oxide reliability under the stress of voltage boosted 
word lines. For logic technology, on the other hand, gate oxide thickness is 
optimized around the need for high transconductance at lower internal operating 

20 voltages and therefore these gate oxides are generally thinner. Efforts to merge 
DRAM and logic onto a single chip to produce a "system on a chip" or other high 
function DRAM thus must confront the choice of either compromising the gate 
oxide thickness for one or both device types, or assume the complexity and expense 
of two separately grown gate oxides. (See generally, S. Crowder et. al„ "Trade-offs 

. _ ^ -ii <-r u P HD AA/f " Tnt 

Electron Devices Meeting (IEDM) Tech. Digest, Washington D.C., paper 2.6, 
1997). 

Recently, methods have been proposed which allow multiple gate oxide 
thicknesses to be produced under a single gate conductor by either implanting Ar + or 
30 N* prior to oxidation. These techniques have been outlined in a paper by S. 
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Crowder et al., entitled "Electrical Characteristics and Reliability of Sub-3nm Gate 

Oxides grown on Nitrogen Implanted Silicon Substrates," Int. Electron Devices 

»,„.:..„ /Tcnx4\ wochinotnn DC. naoer 2.6. 1997. Another paper on the topic 

. i j u,. v v rv^n ^ q1 entitled "Performance and Reliability 
nas oeeu picbcmcu uy i . a . vuvn 

5 Assessment of Dual-Gate CMOS Devices with Gate Oxide Grown on Nitrogen 
Implanted Si Substrates," Int. Electron Device Meeting (IEDM), San Francisco, 

Tntro Pit 

paper 26.4, 1997. Another paper on me suojeci nab uwu y^A.Gw » : .... . -- 
al., entitled "Multiple-Thickness Gate Oxide and Dual-Gate Technologies for High 
Performance Logic-Embedded DRAMs," Int. Electron Device Meeting (IEDM), 
10 San Francisco, paper 13.1, 1998. And, still another paper on the subject has been 
provided by CT. Liu et al., entitled "Multiple Gate Oxide Thickness for 2-GHz 
Sv<tem-on-a-ChiD Technologies," Int. Electron Device Meeting (IEDM), San 
Francisco, paper 

a ™*tw armmsirh has been oronosed which allows multiple gate 
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1 5 oxide thickness to be produced under a single gate conductor by implanting 0 + after 
gate deposition. (See generally, Y.C. King et al., "Suborn Multiple-Thickness 
Gate Oxide Technology Using Oxygen Implantation," Int. Electron Device Meeting 
(IEDM), San Francisco, paper 21.2, 1998). Another method approach has been 
proposed for using different crystalline surface orientations. This approach is 

20 disclosed in application serial number 09/386,185, by inventors W. Noble and L. 
Forbes, entitled "Multiple Oxide Thickness for Merged Memory and Logic 
Applications," filed 31 Aug. 1999. 

While these approaches decrease the required process complexity compared 
to the conventional process integration, they do require the addition of expensive 

Hinle. ante oxide 

thicknesses on a single chip using existing process steps ana iirue or no *uu C u 

complexity or costs. 

In 1998 Oi et al introduced two processes of dual gate oxide formation. (See 

generally, Hideo Oi et al, "Dual Gate Oxide Process Integration for High 
30 Performance Embedded Memory Products," Extended Abstracts of the 1998 
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International Conference on Solid State Devices and Materials, p. 108-109, 1998). 
According to these processes, after trench isolation, the well and Vt adjust 
; m ^n»,t,n„ were the same conditions as for a thin oxide (4 nm) logic baseline 

tu„ octe nvifte wafers were oxidized only once for each oxide 

5 thickness (4 nm or 9 nm). Then two different DGO processes were tried. One 
included a Thick-Thin Process (TTDGO) where the wafer was oxidized for a 9 nm 

a „ „ „t^u 0 j frr«m the intended thin-sate 

gate oxide first, and ttie oxiae was remuvcu, u 6 . uu lw , ^ 

regions, and thc wafer was reoxidized for a 4 nm gate. Thc other included a Thin- 
Thick Process (DGODP). Here, the wafer was oxidized for a 4 nm gate oxide first, 

10 followed by the first poly-Si deposition. Then, from the thick gate regions, this 
combined layer was removed, e.g. etched, and the wafer was reoxidized for a 9 nm 
sate oxide, followed by the second poly-Si deposition. It should be noted that both 

: *u» nf nvide. This etching of the oxides has been shown to be 

u;„m„ ^triment^i tn the reliable oDeration of these miniature devices. 

15 For example, Cho et al. recently investigated the reliability of dual gate 

oxides produced from a two-step oxidation and wet etch process. (See generally, 
I.H. Cho et al., "Highly Reliable Dual Gate Oxide Fabncation by Reducing Wet 
Etching Time and Re-Oxidation for Sub-Quarter Micron CMOS Devices," Extended 
Abstracts of the 1999 International conference on Solid State Devices and Materials, 

20 p. 174-175, 1999). Their research concluded that the degradation of the thick oxide 
was due to an increase of oxide surface micro-roughness and thiiming at the edges 
induced by wet etching. They showed the Atomic Force Microscopy (AFM) images 
of two gate oxides after etching from a 10 nanometer (nm) thickness and from a 5.5 
nm to 5 nm thickness. The corresponding rms (root mean square) roughness was 

. _ ,~ ,'...1.. TU^ +^ onrforP nf HYlHp WPS TOU ghened during 

the wet etching. For longer time of etching, the rms rougnne^ ^ — — 
charge to breakdown (Q J characteristics were degraded. A decrease of etched 
thickness of gate oxide significantly improved the oxide reliability, and showed the 
deep sub-quarter micron CMOS transistor without thinning the edges. 
30 Further, in a recent article in Nature (published by the Macmillan Magazines 
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Ltd.) Muller et al. emphasized two fundamental considerations on ultra-thin gate 
oxides. (See, D. A. Muller et al., "The Electronic Structure at the Atomic Scale of 
i ntra-Thin Gate Oxides." Nature, vol. 399, p. 753-761, 1999). First, the roughness 
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,nct hp controlled at an atomic scale. The leakage current through a 
5 1 nm thick oxide increases by about a factor of 10 for every 0. 1 nm increase in the 
rms roughness. This leakage current, in conjunction with the sub-threshold leakage, 
is the most important tigure oi mem in a iviuoixi. j^Ouu, " ""d- "v- 
silicon and oxygen has the incorrect topology to reproduce the local electronic 

structure of bulk silicon dioxide. 
1 o Thus, there is a need for structures and methods for ultra-thin dual gate oxide 

thicknesses which do not include an etching process. Furthermore, for giga-scale IC 
technology lower processing temperatures, using existing process steps with little or 

„~ ~AA^A ™mnl^vitv are hi ahlv desirahle. 

liu au\av\a wiupiv/vivj , w — — j 



15 summary of the Invention 

The present invention provides structures and methods for ultra-thin dual 
gate oxides on a single substrate which do not involve an etching step. Further, the 
ultra-thin dual gate oxides of the present invention utilize existing process steps with 
little or no added complexity and require lower processing temperatures. 
20 According to one embodiment of the present invention, a method for 

forming gate oxides on a substrate is provided. The method includes forming a pair 
of gate oxides to a first thickness on the substrate. For example, in one 
embodiment, forming the pair of gate oxides to a first thickness includes forming 
the pair of gate oxides to a thickness of less than 5 nanometers. In one embodiment, 
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nn method. 



A thin dielectric layer is then formed on one ot the pair oi gaxe oxiues wiuui is iu 
remain as a thin gate oxide region for a logic device. The thin dielectric layer 
exhibits a high resistance to oxidation at high temperatures. In one embodiment, th< 
thin dielectric layer includes a thin dielectric layer of silicon nitride (Si 3 N 4 ) formed 
30 using jet vapor deposition (JVD). The other of the pair of gate oxides is then 
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formed to a second thickness to serve as a thick gate oxide region for a memory 

device. 

f the nresent invention includes the structure ol a 

rviiuiiiv-'i ciui/uuiuivi" ~- — i 

i Amt\^& fnmi^-l on x single si lhstrate. The structure 

5 includes a first transistor which has a source and a drain region in the substrate 
separated by a channel region in the substrate. The first transistor includes a 
dielectric layer of a first thickness separating a gate from the channel region. The 
dielectric layer of the first thickness has a top layer which exhibits a high resistance 
to oxidation at high temperatures. The structure includes a second transistor which 

10 has a source and a drain region in the substrate separated by a channel region in the 
substrate. The second transistor includes a dielectric layer of second thickness 
c^ratina a P ate from the channel region. In one embodiment, the first transistor 

dielectric layer having a 

having a dieiectiic iayci ui a moi tmw^w~~ 

„ • i 7 .onnm^ Riir.h that the first transistor is a transistor for the 

1 5 logic device. In one embodiment, the second transistor having a dielectric layer of 

second thickness includes a dielectric layer having a thickness of less than 1 2 

nanometers and the second transistor is a transistor for the memory device. 

These and other embodiments, aspects, advantages, and features of the 

present invention will be set forth in part in the description which follows, and in 
20 part will become apparent to those skilled in the art by reference to the following 

description of the invention and referenced drawings or by practice of the invention. 

The aspects, advantages, and features of the invention are realized and attained by 

means of the instrumentalities, procedures, and combinations particularly pointed 

out in the appended claims. 

p r j f f n^prip tiftn ftf th* "™winps 

Figures 1 A-1C, illustrate an embodiment of a process of fabrication of dual 
gate oxide thicknesses according to the teachings of the present invention. 

Figure 2 illustrates an embodiment of a structure having a transistor for use 
30 as a logic transistor and a transistor for use as a memory transistor formed on a 
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single substrate according to the teachings of the present invention. 

Figure 3 illustrates an embodiment of a circuit on a single substrate 
inrhiHina a lopic device and a memory device according to the teachings of the 
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5 Figure 4 illustrates a system according to the teachings of the present 

invention. 

fwri ptinn of the Prefeufri Fmhoriiments 

In the following detailed description of the invention, reference is made to 
10 the accompanying drawings which form a part hereof, and in which is shown, by 
way of illustration, specific embodiments in which the invention may be practiced. 
In the drawings, like numerals describe substantially similar components 
*u^, lf ,K«„t thp cpvpral views These embodiments are described in sufficient detail 
tn enable those skilled in the art to practice the invention. Other embodiments may 
1 5 be utilized and structural, logical, and electrical changes may be made without 
departing from the scope of the present invention. The terms wafer and substrate 
used in the following description include any structure having an exposed surface 
with which to form the integrated circuit (IC) structure of the invention. The term 
substrate is understood to include semiconductor wafers. The term substrate is also 
20 used to refer to semiconductor structures during processing, and may include other 
layers that have been fabricated thereupon. The terms wafer and substrate used in 
the following description include any base semiconductor structure. Both are to be 
understood as including bulk silicon material, silicon-on-sapphire (SOS) 
technology, silicon-on-insulator (SOI) technology, thin film transistor (TFT) 

i i j ..„J_-«J n^lAAM^nMnrc ^nitQYt^l I^VPrS Of Silicon 

supported by a base semiconductor structure, as wen as ouici sciiu^nuuv^ 
structures well known to one skilled in the art. Furthermore, when reference is 
made to a wafer or substrate in the following description, previous process steps 
may have been utilized to form regions/junctions in the base semiconductor 
30 structure and layer formed above, and the terms wafer or substrate include the 
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underlying layers containing such ^tons/junctions and layers that may have been 
formed above. The following detailed description is, therefore, not to be taken m a 

.. ... . ,u„,™^nf thenresent invention is defined only by the 

limiting sense, auu uu- owy^ — — - r 

InHo doned and undoped 
appended claims, doui wdm an« - 

5 semiconductors, epitaxial semiconductor layers supported by a base semiconductor 
or insulator, as well as other semiconductor structures well known to one skilled m 

the art The term conductor is understood to incmuc ^.^^ ~ 

insulator is defined to include any matenal that is less electrically conductive than 
the matenals referred to as conductors. The following detailed description is, 

0 therefore, not to be taken in a limiting sense, and the scope of the present invention 
is defined only by the appended claims, along with the full scope of equivalents to 

„rU^u oiiph r.lnims are entitled. 

, . , ^ ; ,i..^„ t „ «, -miwtimftnt of a orocess of fabrication of dual 
figures ia-iv.' uiusuttifuviuuv-. i 

. , • .. „ „ — rHi no tn thft teachings of the present invention. As 

gate oxiae iniuuic&a^ avwi^". to — — — 

15 shown in Figure 1 A, the process begins with forming at least a pair of gate ox.des 
104A and 104B to a first thickness (tl) on the surface 102 of substrate 100. 
Although forming a pair of gate oxides is presented here, the invention is not so 
Hmited and can include forming any number of gate oxides on the surface 102 of 
the substrate 100. As one of ordinary skill in the art will understand upon leading 

20 this disclosure, the manner of forming the pair of gate oxides includes using 
photolithography techniques to mask portions of the substrate where such gate 

oxide structures are not desired. 

Penning a. least a pair of gate oxides 104A and 104B to a first thickness 
,„) includes forming at leas, a pair of gate oxides 104A and 104B where one of the 

, i , *v»;« rrotA nviHp region, or 

logic device region 1 12 and the other of the pair 104b is tormea in a 
intended to serve as a thick gate oxide region, or memory device re gl on 114. 

In one embodiment of the present invention, forming the pair of gate oxides 
104A and 104B includes growing the pair of gate oxides 104A and 104B on a 
30 silicon substrate 100 using conventional high temperature oxidation as the same is 
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known and understood by one of ordinary skill in the art of semiconductor 
fabrication. This embodiment produces a P a,r of gate ox.des IWAand 104B 

comprised ot silicon uiuaiu^ 

i ~nu<> orpcpnt invention, forming the pair of 
In an alternative emuuuimwn ui v 

gate oxides I04A and 104B includes forming the pair of ga.e oxides 104A and 
,04B usmg a low temperature oxidation method. This low temperature oxtdafon 
method includes forming the pair of gate oxtdes t«A am 10,. „, r 
atomic oxygen generated in lugh-density plasma a. approximately 400 degrees 
Celsius Such a process is described in a paper provided by Y. Saito et ai, entt.led 
"High-Integrity Srlicon Oxide Grow* a. Urn-Temperature by Atomic Oxygen 
Generated in High-Density Krypton Plasma," Extended Abstracts of the ,999 
, , r™&™«, on Solid State Devices and Materials, p. 152-153, 1999. 

lntemaiiuiiai v_ w.^xw— 

^ ^mWti«1 with a hieh growth rate. The 

This process attords a low lempeiauuw w » w-~ w - 

. . ■ ^Aou^rhwmv a hieh dielectric strength and low 

process farther proauceb mi umu, *> 

; interfacetrapandbnlkchargcTypicaloxtdattonproeessparametersina 

microwave-excited htgh-densi.y plasma system and charactenstics mclude: low ton 

w than 7 eV a high plasma density, e.g. 10 ions/cm , 
bombardment energy, e.g. less than /ev, a nignp - 

and low electron ***** •* » - 3 herding to this en.bodtm.nt of 
the invention, silicon dioxide (SiO,) films were grown by direct oxtdatton of the 
„ silicon surface a. 400 degrees Celsius. A mixed gas of 3% oxygen in Krypton (Kr) 
was used at a pressure of 1 Torr, and the microwave power denary was 5 
Watts/cm'. AtypicalgrowthrateoffSnanometersinlOminuteswasobserved. 
According to one embodiment of the present invention, forming the patr of 

gate oxides 104A and 104B mcludes forming the pair of gate oxides 104A and 

, ._ TV,. Mnrp ic now as appears 

in Figure 1 A. 

Figure IB illustrates the structure following the next sequence of process 
steps in Ftgure IB, a region intended to serve as a thin-gate oxide region 1 12 . 
covered win, a thin dielectric ,06. o, tnin masking layer .06. The ton dielectnc 
30 ,06 or thin masking layer 106, will become a component of a transistor for a logtc 
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device. According to the teachings of the present invention, this includes forming a 
thin dielectric layer 106 which exhibits a high resistance to oxidation at high 

„ f «,„ n,ir ft f pate oxides 104A and 104B. In one embodiment 

tempcidiuicb uii uii^ wi u»v — o 

r.™;^ o tv,;n HipiprtHr. lavp.r 106 includes forming a thin 
ot ttie preseni mvcuuuu, ivnin"6 « — — ^ 

5 dielectric layer 106 of silicon nitride (Si,N 4 ). In one embodiment, forming a thin 
dielectric layer 106 includes forming a thin dielectric layer 106 of Si,N 4 to a 
thickness of less than 3 nanometers deposited oy a ruoiu-^.^aW ^ 
deposition (JVD). The JVD process utilizes a high-speed jet of light carrier gas to 
transport the depositing species onto the substrate to form the desired films. The 

10 film composition of typical JVD silicon nitride film has been determined to consist 
primarily of Si and N 2 and with some amounts of O and H. According to the 
™t invention, this thin dielectric layer 106 further exhibits a strong resistance 

when formine the other of the pair of 
to the tormauon 01 mi miena^iai v^i^ ~v - L - - 

■ ,..iah —a 1 n/m o a a^tP nviHe 1 04B. to a second thickness, 
gate oxides onu 

15 According to the teachings of the present invention, this thin dielectric layer 

106 further exhibits a high resistance to boron penetration at high temperatures. As 
used in this disclosure, high temperatures are considered to be temperatures above 
approximately 200 degrees Celsius. Thus, high temperature further include 
temperatures above 800 degrees Celsius. As one of ordinary skill in the art will 

20 understand upon reading this disclosure, forming the thin dielectric layer 106 on 
one of the pair of gate oxides 104A and 104B in a region intended to serve as a 
thin-gate oxide region 1 1 2 includes suitable photolithography techniques to mask 
other portions of the substrate 100 and regions such as the other of the pair of gate 
oxides 104A and 104B which are intended to become thick gate oxide regions 1 14. 

understand the same, including the manner in which a photoresist masK can uc 
applied and subsequently removed. An illustration is provided in Figure IB of 
such a mask layer 108, e.g. a photoresist mask 108, covering a region, i.e. one of 
the pair of gate oxides 104A and 1MB, in a thick-gate oxide region where the thick 
30 gate oxide will become a component of a transistor for a memory device. The 
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structure is now as appears in Figure IB. 

bigure 1C illustrates the structure following the next sequence of process 

steos. In Fmure 1C, the other of the pair of gate oxides 104 A and 104B, e.g. gate 
& — 

oxide 104R in a gate oxide region 1 14 intended to serve as a thick-gate oxide 
region, is grown to a second thickness (t2). In other words, the other of the pair of 
gate oxides 104A and 104B discussed in connection with Figures 1 A and IB is 
i , j *u:-,i — /vn Th^ nthpr pfthp nair of gate oxides I04B wiih 

its new oxide layer 1 1 0 having a second thickness (t2) as will become a component 
of a transistor for a memory device. In one embodiment of the present invention, 
forming the other of the pair of gate oxides 104A and 104B to a second thickness 
includes growing the other of the pair of gate oxides 104A and 104B, e.g. gate 
oxide 104B in region 1 14 to a second thickness (t2) using conventional high 
tomneramrfi oxidation as the same is known and understood by one of ordinary 
skill in the art of semiconductor fabrication. The second gate oxide thickness (12) 
includes the original or first thickness of the gate oxide layer 104B formed 
previously and the newly formed oxide layer 1 10 formed thereon. Thus, the second 
gate oxide thickness (t2) is comprised entirely of silicon dioxide (Si0 2 ). 

In an alternative embodiment of the present invention, forming the other of 
the pair of gate oxides 104A and 104B to a second thickness includes forming the 
other of the pair of gate oxides 104A and 104B, e.g. gate oxide 104B in region 1 14, 
to a second thickness (t2) using a low temperature oxidation method. This low 
temperature oxidation method includes forming the other of the pair of gate oxides 
104A and 104B, e.g. gate oxide 104B in region 1 14 to a second thickness (t2) 
through a process using atomic oxygen generated in high-density plasma at 

r^icinc Thie nrnress nroduces the second layer of 



oxide 1 10 on the gate oxide layer oi me nnsi uuumicss i™ ouv.. ».«v ~~ , - 

104B and oxide layer 1 10 constitute a gate oxide layer having a second thickness 
(t2) suitable for use in a transistor for a memory device. 

In one embodiment according to the teachings of the present invention, 
forming the other of the pair of gate oxides 104A and 104B, e.g. gate oxide 104B 
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in region 1 14 to a second thickness (t2) includes forming the other of the pair of 
gate oxides 104A and I04B, e.g. gate oxide 104B in region 1 14 to a second 
thickness (t2) of less than 12 nanometers (nm). In another embodiment, forming 
thp mhpr of the nair of rate oxides 104A and 104B, e.g. gate oxide 104B in region 

w»*~ - - I W — 

5 1 14 to a second thickness (t2) includes forming this gate oxide to a thickness of 
approximately 1 0 nm using the low temperature oxidation method. The structure is 

now as appears in Figure 1C. 

Thus, a method of forming at least a pair of gate oxides having different 
thicknesses, one suitable for use in a logic device and one suitable for use in a 
10 memory device, has been shown. The method provided by the present invention 
affords a technique in which no etching steps are required as part of the oxide 
formation process. Also, the methods taught by the present invention produce ultra 
thin Himl crate oxides having different thicknesses using a low temperature process. 

vx mi ^«-»-— ■ — * — - 

Both the thin and thick oxides are grown on the virgin silicon surface 100, which 

1 5 maintains the original, atomically smooth surface. 

As one of ordinary skill in the art will understand upon reading this 
disclosure, the fabrication steps illustrated in Figure 1 A-1C can be continued as 
part of a method for fabricating a circuit having logic and memory devices on a 
single substrate including wiring the logic device to the memory device using a 

20 metallization process to implement a specific circuit function. The details of such 
continuing fabrication steps are not described in detail here so as not to obscure the 
invention of forming the ultra thin gate oxides on a single substrate in a 
streamlined, low temperature process to have different thicknesses without 
requiring etching steps. The process steps required to form gates, such as boron 

^r^f ^ ,wirl<=»c liQuinn ^iffiprf»nt thirlfflfiSS Will 

be recognized by one of ordinary skill in the art oi semiconductor iaoncauun upun 
reading this disclosure. Likewise, the steps necessary to create source and drain 
regions in the substrate separated by a channel region in the substrate, e.g. steps 
such as implant doping, will further be understood by one of ordinary skill in the 
30 art of semiconductor fabrication upon reading this disclosure. The metallization 
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techniques which can be used to complete a circuit having logic and memory 

(Jrtiri/inf n f 1 t-i pr 1 rt rnUptrotp t / \ mini Amont o r>nA/->i fir 1 C i 1 1 ' t fi i P^t* r**1 ^ » r 1 1 1 olon Kn 

understood by one of ordinary skill in the art of semiconductor fabrication upon 
reading this disclosure. Again, for those reasons, the same is not listed in detail 
5 herein. 

One of ordinary skill in the art will understand that the forming of gate 
oxides on a substrate comprises part ot a process tor forming a number of 
transistors on the substrate and that forming a thin gate oxide, or dielectric, in a thin 
gate oxide region will comprise part of forming a first transistor for application in a 
10 logic device. Similarly, forming a thick gate oxide, or dielectric, in a thick gate 
oxide region will comprise part of forming a second transistor for application in a 
memory device. 

As can be understood from viewing Figure 2, a first transistor 201 A formed 
in thin gate oxide region 212 for use in a logic device has a total dielectric layer of 

1 5 a first thickness, dl . Also as seen from viewing Figure 2 a second transistor 20 IB 
formed in the thick gate oxide region 214 for use in a memory device has a total 
dielectric layer of a second thickness, d2, which is greater than the dielectric layer 
of the first thickness, dl. The first transistor having a dielectric layer of a first 
thickness dl includes a bottom layer 204A of silicon dioxide (Si0 2 ) and a top layer 

20 206 of silicon nitride (Si 3 N 4 ). In one embodiment, the first transistor having a 
dielectric layer of a first thickness dl includes a dielectric layer of a first thickness 
dl which is less than 7 nanometers (nm). In this embodiment, the second transistor 
having a dielectric layer of a second thickness d2 includes a dielectric layer of a 
second thickness d2 which is less than 12 nm. In one embodiment, the first 

?S transistor bavin** a d\e]er,tric, laver of a first thickness dl includes a dielectric laver 

oxidation at high temperatures. In one embodiment, the first transistor having a 
dielectric layer of a first thickness dl has a top layer of silicon nitride (Si 3 N 4 ) which 
comprises approximately a third of the first thickness dl of the dielectric layer. 
30 Figure 3 illustrates a block diagram of an embodiment of a circuit on a 
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single substrate 301, or a system on a chip 301 including a logic device and a 
memory device according to the teachings of the present invention. In the 

chnum in Fip.ire, 3. the circuit, or system 301 includes a memory 

cells 302. address decoder 304, row 

ucviuc jyj\j wiiivn 1 ~* j 

5 access circuitry 306, column access circuitry 308, control circuitry 3 1 0, and 
input/output circuit 312. Also, as shown in Figure 3, the circuit 301 includes a 

processor 314, or memory controller lor ineiuuiy a^^ 0 n. 6 . i..v 

300 receives control signals from the processor 314, such as WE*, RAS* and 
CAS* signals over wiring or metallization lines. The memory device 300 is used 

10 to store data which is accessed via I/O lines. It will be appreciated by those skilled 
in the art that additional circuitry and control signals can be provided, and that the 
memorv device 300 has been simplified to help focus on the invention. At least 

s 

^iie %M w a transistor including a gate oxide, or dielectric 

one ui uit lUL'iiiui y wiij ~ 

;« ^r^w* with the aforementioned embodiments. Similarly, at least one 
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of the logic components of the circuit, i.e. the processor 314, includes a transistor 
having a gate oxide, or dielectric layer, in accordance with the aforementioned 
embodiments. 

It will be understood that the embodiment shown in Figure 3 illustrates an 
embodiment for the circuitry of a Dynamic Random Access Memory (DRAM) 
formed on a single substrate according to the teachings of the present invention. 
The illustration of a circuit or system 301 as shown in Figure 3 is intended to 
provide a general understanding of one application for the structure and circuitry of 
the present invention, and is not intended to serve as a complete description of all 
the elements and features of a DRAM. Further, the invention is equally applicable 

imited to the 

DRAM described above. Other alternative types ol circuits wrucn can use u. c 
structure of the present invention include Static Random Access Memory (SRAM) 
or Flash memories. Additionally, the DRAM could be a synchronous DRAM 
commonly referred to as SGRAM (Synchronous Graphics Random Access 
Memory), SDRAM (Synchronous Dynamic Random Access Memory), SDRAM II, 
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20 



and DDR SDRAM (Double Data Rate SDRAM), as well as Synchlink or Rambus 
DRAMs and other emerging memory technologies. 

those skilled in the art, circuits of the type described 

1 \<J l ^^Wt-jini-^^- j 

■ . fnu^n^A qc ™ intparated circuit containing a variety of 

MClClll ait; gun^iaiijr luunvutvu «^ o 

semiconductor devices. The integrated circuit is supported by a substrate. 
Integrated circuits are typically repeated multiple times on each substrate. The 
substrate is further processed to separate ine nuegiutcd wrmua >m U u.^ ^ - .. 
known in the art. 

Other circuits containing the dielectric layer structure described in this 
1 o disclosure include circuitry for use in memory modules, device drivers, power 
modules, communication modems, processor modules, and application-specific 
modules, and may include multilayer, multichip modules. Such circuitry can 
r.-^v — 1-* - -..KnAmpAnoiit r,f q variftv r>f electronic svstems, such as a clock, a 
o ~n niinnp * nerval comnuter. an automobile, an industrial control 



\ 5 system, an aircraft, and others. 

Figure 4 illustrates a system, e.g. an electronic system, according to the 
teachings of the present invention. System 400 contains a processor 410 and a 
memory system 402 housed in a computer unit 405. According to the teachings of 
the present invention, a logic transistor for the processor and a memory transistor 
for the memory system can be formed on a single substrate with appropriate ultra 
thin dielectric layer components. That is, the processor 410 contains at least one 
transistor having a dielectric layer formed according to the teachings of the present 
invention. The memory system 402 includes memory cells. At least one of the 
memory cells includes a transistor having a dielectric layer, or gate oxide formed 
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of an electronic system containing another electronic system, e.g., memory sy 
402, as a subcomponent. System 400 optionally contains user interface 
components. These user interface components include devices such as a keyboard 
420, a pointing device 430, a monitor 440, a printer 450, and a bulk storage device 
30 460. It will be appreciated that other components are often associated with system 
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400 such as modems, device driver cards, additional storage devices, etc. It will 

and memory system 402 of system 400 can be incorporated on a single integrated 
circuit such that dual gate oxide thicknesses are formed according to the teachings 
5 of the present invention as necessary for a transistor in a memory cell and as 
necessary for a transistor in the processor Such single-package processing units 

reHure the rnmmnniratmn time between the nrncessor and The memorv circuit. 



different thicknesses, one suitable for use in a logic device and one suitable for use 
in a memory device, have been shown. The structures and methods provided by 
the present invention affords a solution which avoids the need for etching steps as 
part of the gate oxide, or dielectric formation process. Also, the structures and 

1 5 methods taught by the present invention provide better performance ultra thin gate 
oxides where the gate oxides can be produced having different thicknesses using a 
low temperature process. 

It is to be understood that the above description is intended to be 
illustrative, and not restrictive. Many other embodiments will be apparent to those 

20 of skill in the art upon reviewing the above description. The scope of the invention 
should, therefore, be determined with reference to the appended claims, along with 
the full scope of equivalents to which such claims are entitled. 



Conclusion 
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Thus, structures and methods for at least a pair of gate oxides having 
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